A micelle-stabilized room-temperature phosphorescence (MS-RTP) method was developed for the determination of the phytohormone 1-naphthaleneacetamide residues in fortified pear samples. The proposed method is based on the use of a micellar medium obtained by the surfactant sodium dodecyl sulfate in the presence of thallium nitrate as an external heavy atom salt. To avoid oxygen quenching, sodium sulfite solution was used. To establish the optimum experimental variables, a complete and exhaustive statistical analysis of the experimental data by a multivariate optimization approach was performed. MS-RTP spectra were obtained and successfully used to determine 1-naphthaleneacetamide by the established method without further separation, with a detection limit of 25 ng ml 21 . The precision (RSD @ 2.55%) and recovery (! 91.9%) were satisfactory.
In agricultural practice phytohormones are used to influence favourably the growth of cultivated plants, and especially prevent fruit fall. Their toxicity clearly decreases 3-4 weeks after application, so fruit treatment and picking has to be specially regulated in all countries.
1-Naphthaleneacetamide together with 1-naphthaleneacetic acid (NAA) are two of the most widely used phytohormones and have been used to regulate the growth of numerous plants for more than 40 years. Their application just after flowering induces clarification of fruit and prevents their picking before 3 or 4 weeks. 1, 2 They are mainly applied to apple and tree varieties. As 1-naphthaleneacetamide causes less damage to tree leaves than NAA, the latter is used less frequently.
The problems associated with analyses for these compounds are always related to the problem that, in most instances, the history of the product is unknown, so analytical methods that permit the identification and determination of all the residues present are required.
The methods most frequently used for this type of analysis include biological assays, 3 immunological assays 4 and physical detection procedures. [5] [6] [7] [8] As a rule, the last procedures offer greater selectivity, the use of smaller amounts of sample and shorter analysis times.
Few methodologies have been proposed for the determination of 1-naphthaleneacetamide since Sigrist et al. 1 published the first fluorimetric method for the simultaneous determination of 1-naphthaleneacetamide and NAA in apple samples, with detection limits of 25 and 10 ng ml 21 , respectively.
The most recent determinations of 1-naphthaleneacetamide residues are also based on its native fluorescence. Cochrane et al. 9 employed HPLC for separation and obtained good sensitivity employing photometric and fluorimetric detection. The proposed method is simple, rapid and accurate with a sensitivity of 100 and 10 ng ml 21 for photometric and fluorimetric detection, respectively. The sensitivity and selectivity of the method based on fluorescence detection were greatly improved by the application of synchronous derivative methodology, 10 obtaining detection limits of 0.6 ng ml 21 with recoveries for apple samples between 73 and 101%.
Taking into account the native fluorescence of 1-naphthaleneacetamide, the possibility of applying another luminescence method such as phosphorescence has not been considered previously. The purpose of this work was to exploit the possibilities offered by the native phosphorescence of 1-naphthaleneacetamide using the advantages offered by this technique to increase the selectivity of its determination.
In order to simplify the methodologies that are always required to establish room-temperature phosphorimetric methods, we used chemical deoxygenation micelle-stabilized roomtemperature phosphorescence (MS-RTP) 11-13 using sodium sulfite, 14 which represents a substantial technical advance in the use of MS-RTP.
Owing to the numerous experimental factors that influence the phosphorescence response of the analyte, a statistical model of central composite design 15 was used to evaluate the significance of each factor in addition to the interaction between variables that affect the phosphorescence response of 1-naphthaleneacetamide.
The proposed method was applied to different synthetic mixtures and real pear samples, with satisfactory results.
Experimental

Reagents
The surfactant sodium dodecyl sulfate (SDS), analyticalreagent grade thallium(i) nitrate, anhydrous sodium sulfite and sulfuric acid (all from Sigma, St. Louis, MO, USA) were used as received. Aqueous solutions were prepared with doubly distilled water. The sodium sulfite solutions were prepared daily and kept in tightly stoppered containers.
1-Naphthaleneacetamide (Sigma) was used as received. A stock standard solution was prepared by dissolving 5 mg of 1-naphthaleneacetamide in 50 ml of 0.5 mol l 21 SDS.
Apparatus
All recordings of uncorrected luminescence spectra and measurements of MS-RTP intensities were carried out with an Aminco Bowman (Rochester, NY, USA) Series 2 luminescence spectrometer equipped with a 7 W pulsed xenon lamp. Measurements required a personal computer with 4 MB of RAM, DOS 6.0, OS/2 version 2.0 and a GPIB(IEEE-488) interface card for computer-instrument communication. The spectrometer was equipped with a thermostated cell holder.
Software
STATGRAPHICS Statistical Institution Edition Version 6.0 (Inc. and Statistical Graphics Corporation, Rockville, MD, USA) 1992 was used.
Basic Procedure
A 50 ml aliquot of the 1-naphthaleneacetamide stock solution, 0.61 ml of 0.5 mol l 21 SDS, 0.90 ml of 0.25 mol l 21 thallium nitrate, 0.47 ml of 0.1 mol l 21 sodium sulfite and 0.73 ml of 0.02 mol l 21 sulfuric acid were introduced into a 10 ml calibrated flask and diluted to volume with water. If a precipitate appeared after the addition of the thallium nitrate, the flask was warmed until the precipitate disappeared, before the other reagents were added. After thorough mixing, the flask was placed in a waterbath at 25±1°C for 10 min. Standard 10 mm fused silica cells were filled with this solution.
Relative phosphorescence intensities (RPI) were measured at 524 nm with excitation at 292 nm. Reagents blanks lacking 1-naphthaleneacetamide were prepared and measured following the same procedure.
Procedure for Pear Samples
A 250 g amount of pears, bought in the local market, was chopped in a food processor. A certain amount of 1-naphthaleneacetamide was added to 15 g of the sample such that the final concentration was included in the range of the calibration graph. The mixture was transferred into a blender cup, 75 ml of water were added and subsequently blended for 20 min. The mixture was filtered using a 100 ml medium-porosity frittedglass Büchner flask under suction and the blender was washed three times with 5 ml portions of water, the washings being filtered. The filtrate was transferred to a 100 ml calibrated flask and diluted to volume with water. The basic procedure was applied to this solution. Caution: thallium(i) salts are very toxic and approprite precautions should be taken.
Results and Discussion
Addition of SDS aqueous solution results in the formation of a micellar medium. In this microenvironment, phosphorescent molecules such as 1-naphthaleneacetamide are protected and escape partially or entirely from quenching caused by collisional deactivation. To form this special environment, a critical concentration of the surfactant SDS and addition of an external heavy atom, together with deoxygenation with sodium sulfite, seems to be decisive in obtaining MS-RTP signals.
Optimization of Experimental Variables
In order to achieve these critical conditions in an easy way, a four-variable, composite hypercube-star design was applied. 15 A multiple optimization approach for the different factors affecting the response was designed.
This optimization technique has the advantages of providing useful information with a smaller number of experiments than in the classical method of optimization by one factor at a time, and the interactions between the factors under study are easily obtained.
For the proposed method, the dependent variable is 1-naphthaleneacetamide phosphorescence intensity. The independent variables used in this multivariate optimization were SDS, TlNO 3 , Na 2 SO 3 and H 2 SO 4 concentrations. Different levels of these variables were selected in order to maximize the information that could be extracted from the experimental data. In order to have a prediction of high quality, an experimental matrix of the composite blocked hypercube-star design was applied. The 29 experiments dictated by the matrix are presented in detail in Table 1 .
Response surface mapping is an effective way of locating the optimum if a mathematical relationship between the variables is known or can be assumed. The experimental data were fitted to a polynomial mathematical model so that the variables were adjusted until the calculated values were in close agreement The different surfaces for all the variables at the optimum values obtained are presented in Fig. 1 . As can be deduced, there is great stability of the phosphorescence response for a wide range of micellar concentrations when the concentrations of the deoxygenating agent and/or the external heavy atom [see Fig. 1(a), 1(b) and 1(c) ], are varied. However, as can be seen in Fig. 1(f) , there is a marked effect on the 1-naphthaleneacetamide phosphorescence response when the sulfuric acid concentration is varied in the solution in the presence of different concentrations of the oxygen scavenger. As a result of these experiments, the optimum working conditions to obtain the highest phosphorescence response were selected.
The 21 . These concentrations were adopted as the working conditions for the rest of the experimental work.
As the variables have a significant effect on the response, the variance of the data set, as accounted for by the variables as they appear in the model, is larger than the variance of the residuals (Table 2 ). This was confirmed by the Fisher variance ratio (F) for the significance of the variables effect: F = 22.20 [the tabulated critical value at a given level of probability (F crit = 2.48)] is significant at the 95% confidence level.
As 3 10 23 mol l 21 , it was possible to partition the sum of the squares of the residuals into two components, one associated with the variation attributed to the lack of fit of the model and the other with the sum of the squares owing to purely experimental uncertainty. As F lof (variance due to the lack of fit) = 2.61 (F crit = 5.96), which is not significant, there is not a significant amount of variation in the measured and predicted responses and the measured responses can be explained by the model. As expected, the residuals are very small. The coefficient of multiple determination (r 2 ) is 0.9375, indicating that the variables explain the data fairly well. If the degrees of freedom are taken into account, the adjusted r 2 is 0.8751.
Different instrumental parameters related to the luminescence technique could also affect the phosphorescence response, and were carefully selected. Fluorescence excitation and emision wavelengths of 292 and 346 nm, respectively, were obtained, together with phosphorescence wavelengths of 292 and 524 nm, respectively, using slits of 16 nm for the excitation and emission monochromators, a scan speed of 2 nm 21 s, a delay time of 200 ms, a gate time of 1000 ms, a detector sensitivity of 900 V and a minimum period pulse or time between flashes of 5 ms. All of these instrumental variables were kept constant in the rest of the experimental work.
Using the selected experimental and instrumental variables, the total phosphorescence spectrum of 1-naphthaleneacetamide shown in Fig. 2 was obtained, where the maximum phosphorescence wavelengths are clearly located.
Effect of Temperature
The influence of changes in temperature on the MS-RTP intensity of 1-naphthaleneacetamide was studied. A decrease of 30% in the RPI signals was observed with a temperature increase from 20 to 35 °C. Hence a temperature of 25 ± 0.1 °C was used in the rest of the experimental work.
Stability
The MS-RTP signal of the system became stable in 2 min under the conditions of chemical deoxygenation and remained so for at least 4 h.
Analytical Curve and Precision
The method was tested for linearity, precision, reproducibility and specificity. The RPI was linear in relation to the concentration of 1-naphthaleneacetamide over the range 0-625 ng ml 21 (final concentration). The regression equation was RPI = 0.017 + 0.0024 C where C is the concentration of 1-naphthaleneacetamide in ng ml 21 . A slope of 0.0024 and a correlation coefficient of r = 0.999 for n = 7 were obtained, indicating a good linearity. The detection limit obtained using three times the regression standard deviation (s 0 ) of the blank signals 16 along the calibration points was 25.26 ng ml 21 , which compares favourably with most of the analytical methods previously proposed for this analyte.
The precision of the method was determined at two different concentrations. The RSD (n = 7) was 3.03 and 1.57% for concentrations of 1-naphthaleneacetamide of 250 and 500 ng ml 21 , respectively.
The selectivity of the MS-RTmethod was established by the determination of 500 ng ml 21 of 1-naphthaleneacetamide in the presence of different phytohormones and insecticides that could be present in real samples, such as p-chlorophenoxyacetic acid, 2,4-dichlorophenoxyacetic acid, carbendazim, 3-amino-1,2,4-triazole, a-naphthol, 2-(4-thiazolyl)benzimidazole and 2-aminophenol. The effects of these foreign species indicated that the tolerance levels were > 1500 ng ml 21 for all the compounds. The greatest interferences were observed for anaphthol with a tolerance level > 150 ng ml 21 and for 2-(4-thiazolyl)benzimidazole and 2-aminophenol with tolerance levels of > 30 and > 10 ng ml 21 , respectively. From these results, it can be concluded that the proposed method for the determination of 1-napthaleneacetamide shows very good selectivity, due to the intrinsic characteristics of the micellestabilized phosphorescence measurements.
Residue Analysis for 1-Naphthaleneacetamide in Pears
Samples of fresh pears were spiked with 1-naphthaleneacetamide at 500 ng ml 21 by adding appropriate volumes of a standard solution, and the 1-naphthaleneacetamide was determined by the proposed method. The mean recovery was 91.9% (n = 9) with an RSD of 2.55%.
The proposed method can be recommended for the routine determination of 1-naphthaleneacetamide in pear samples, as it is rapid, simple and exhibits good precision.
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